Objective: To investigate nonketotic hyperglycemia (NKH)-related epileptic clinical features and pathogenesis, and improve the diagnosis and treatment.
Nonketotic hyperglycemia (NKH)-related epileptic seizures can be diagnosed when high blood glucose accompanied with normal plasma osmolality and negative urine ketone occurs. Its initial symptoms are seizures. They are clinically rare, and patients might not have prior history of diabetes or onset of diabetic symptoms. Because epileptic seizures related to NKH significantly affect neurological outcomes and may cause misdiagnosis or missed diagnosis, more attention should be paid to them. In this article, NKH epilepsy patients, who were treated in our department from December 2009 to October 2014, were clinical analyzed, in order to facilitate the future treatment.
Material and methods

Ethics statement
This research has been approved by the ethics committee of the Second Hospital affiliated to Nantong University.
Informed consent has been obtained and this investigation has been conducted according to the principles expressed in the Declaration of Helsinki.
General information
Thirteen cases of NKH-related epileptic seizures were treated from December 2009 to October 2014 in our neurosurgery department. Among them, 8 were males, and 5 females, aged 45-80 years old (mean age: 54 ± 2 years old). Their diabetes duration was between 0 and 10 years (mean 4.7 years). Diagnosis of diabetes was performed according to the WHO diagnostic criteria. The results showed that 9 patients had type 2 diabetes, and 5 had a history of type 2 diabetes. None of them had history of contacting the toxic substances, epilepsy, or family history of epilepsy.
Unconsciousness seizures occurred in eight cases, with the onset of the interval from 10 min~2 h, lasting for 4-20 min. Among those 8 cases, five were in persistent state.
Supplementary examination
Head imaging test did not find lesions that accounted for seizures. Laboratory tests at the admission: several cases with levels of venous blood glucose and peripheral blood glucose considerablely higher than the critical value of the for diabetes diagnosis, blood glucose 24.7-34.6 (average 28.3) mmol/L; plasma osmolality 296-322 (average 308) mOsm/L, did not reach the diabetic hyperosmolar (>350 mOsm/L) of the diagnostic criteria. When seizures were under control, average blood glucose was 13.6 mmol/L. Potassium, calcium and phosphorus were generally within the normal ranges, and blood urea nitrogen and serum creatinine also in the normal range. EEG showed spike, slow waves, scattered sharp slow wave in 8 cases.
Treatment
Once newly epileptic seizure was diagnosed, antiepileptic treatment was immediately conducted. Intramuscular administration of phenobarbital, diazepam and valproate, or valproate combined with carbamazepine was applied in defined cases, but with suboptimal results. After blood glucose levels increased, insulin infusion or subcutaneous injection were immediate applied. Close monitoring of blood glucose, saline rehydration and aggressiveness simultaneously corrected acid-base unbalance and water and electrolyte disorders. If blood glucose levels dropped to 8-15 mmol/L and epileptic episodes stopped, the antiepileptic drugs would be discontinued.
Results
The selected 13 patients were cured, as their seizures disappeared. The treatment procedures lasted 11-76 h (average 23 h). After reduction of the blood glucose level by insulin, rehydration, and control of epilepsy, the number of seizures gradually reduced. The patients' condition gradually improved and eventually regained the consciousness without nervous system dysfunction left. The average blood glucose when epileptic seizures ended was 10 mmol/L. Anti-epileptic drugs were not prescribed after discharge. During the two-month to oneyear follow-up, no recurrent seizure appeared.
Discussions
Focal seizures (also known as partial seizure) induced by hyperglycemia were first reported by Maccario et al in 1965 [1] [2] [3] . They were often encountered in clinical practice and characterized by hyperglycemia without keto-acidosis. Seizure control associated with resolution of the hyperglycemia was usually used to manage the partial seizures [2, 4] . Many studies have described this clinical syndrome [5] [6] [7] . In recent years, clinical reports gradually increased about NKH-related epileptic seizures, which are considered one of the major neurological complications of diabetes [3, 8] . It indicates an unsatisfactory blood glucose control if NKH-related epileptic seizures occur [6] .
For patients with seizures as main manifestations, especially those without a history of diabetes, the initial diagnosis would often be neurology-related. If conventional antiepileptic treatment is applied, the results would be more harmful than beneficial, and in few ill cases, increased mortality might be observed. The possible explanations include: (1) these patients are more frequently accompanied with unconsciousness and seizures. The preferred drugs, such as diazepam and phenobarbital that ends epileptic episode, often aggravated the unconscious patients by causing respiration inhibition, making the disease more complicated and affecting the subsequent diagnosis and treatment; (2) treatment of intractable seizures uses anti-epilepsy medicine that involves multi-combination of mannitol, corticosteroids and other drugs to reduce brain edema; however, the risk factors of the focal seizure disease are high-blood glucose, high permeability and intracellular dehydration. These drugs will inevitably aggravate the patient's condition; (3) NKH: featured with reduction of brain γ-aminobutyric acid content, and therefore diazepam and phenobarbital actually decreased the antiepileptic effect; (4) Since glucose saline injection is commonly used as intravenous drugs in the absence of insulin, it might worsen the condition. The disease tend to cause seizures in some patients without diabetes history, and therefore it is more difficult to catch the attention, and more likely to be misdiagnosed.
Diabetes is the most common cause of the seizures in patients with low blood glucose. The subsequent unconsciousness with ketosis acidosis and NKH coma are more common in clinical practice; however, high blood glucose can also lead to seizures, even status epilepticus without awareness. Careful analysis the patients who had epilepsy, accompanied with occasional onset of unconsciousness in this group, first found significantly increased biochemical blood glucose levels, leading to the exclusion of the possibility of hypoglycemia. Diabetes can be complicated by acidosis or ketosis ketotic hyperosmolar coma. As their urine ketone was negative, the possibility of ketosis acidosis could next be ruled out. Blood biochemistry showed that their glucose, sodium, and potassium, were only slightly elevated, and so was the blood urea nitrogen content in plasma osmolality values inferred, which was less than 350 mOsm/L, nonketotic diabetic hyperosmolar coma was also excluded. Therefore, NKH-related epileptic seizures should be next considered. The seizures pathogenesis caused by this disease is still controversial, as some people think that the main pathogenesis is the lack of insulin. Among the patients, insulin levels are sufficient to inhibit the free fatty acid metabolism and the subsequent ketoacidosis, but not enough to transport glucose into the cells [9] . High blood glucose levels increase the levels of urine glucose, causing osmotic diuresis effect and progressive dehydration, which would in turn increase the incidence of this disease. Some people believe that the possible mechanisms include high blood glucose, high plasma osmolality and γ-aminobutyric acid (GABA) levels, and low focal cerebral ischemia [8] . Specific mechanisms also include: (1) osmotic changes. Hyperglycemia causes significant and rapid increase of intracellular osmotic pressure, leading to nerve cell dehydration, and changes in enzyme activity and brain cell energy metabolism. Membrane ion pump function is impaired, causing the loss of intracellular potassium and the subsequent sodium accumulation, which destroys the membrane potential and the stability of cell depolarization, ultimately resulting in seizures [4] . (2) in vivo biochemical changes in metabolism. Citric acid cycle is inhibited in vivo in the patients with this disease, whereas GABA metabolism is increased, causing the increased brain energy consumption, and the reduced seizure threshold [10] . In contrast, seizures are less frequent in ketoacidosis patients, as ketosis acidosis increases intracellular activities of glutamate and tryptophan decarboxylase, leading to the increased content of brain inhibitory neurotransmitter GABA. GABA is related to the rapid changes of synaptic sensitivities by binding to the neurons, which then increases the permeability of chloride ions. Under such conditions, the membrane potential is maintained at a stable resting potential level and the excitatory synaptic reactivities are weakened so that the epilepsy is prevented. This is also an alternative way to prove that the GABA contents decrease in NKH-related epileptic seizures patients. (3) brain cell energy deficiency. Because of the diabetic hyperglycemia, plasma fibrinogen significantly increases, red blood cell and platelet aggregate, and blood is in a hypercoagulable state. In addition, the aggravation of existing diabetes microcirculation and small artery hyalinization, the dysfunction of endothelial cells, and damages of cerebral blood flow autoregulation, decrease regional cerebral blood flow, causing hypoxicischemic damages and functional changes in cortical cells, which are "epilepsy cells". Such cells are sensitive to the metabolic disorders, high blood glucose condition especially is likely to cause seizures (4) immune abnormalities: the presence of glutamic acid decarboxylase autoantibodies in both type 1 diabetes and epilepsy. Peltola, et al studied 51 cases of refractory epilepsy and found that these patients were autoantibody positive, with antibody titers similar to that in patients with type 1 diabetes, suggesting that intrinsic link might exist between them Their results supported the idea that immune dysfunction was involved in the hyperglycemiarelated epilepsy [11] (5) studies suggest that NKHrelated seizures might be linked to the brain barrier damage caused by long-term high blood glucose [12] . However, most of patients do not have seizures even if their blood glucose levels are high as the high levels of blood glucose are not the only factor for epilepsy. Other factors include individual health status and genetic factors [7] . In 1968, Maccario et al. [2, 3] first reported that NKH and partial seizures co-existed, which were featured with high blood glucose, absence of ketosis, consciousness, and partial seizures. Tiamkao et al. [8] , based on a retrospective analysis of 2 l partial NKHrelated seizures patients, found that the average blood glucose level was 32.6 l mmol/L(16.11~61.33 mmol/L), and mean plasma osmolality was 302 mOsm/L (288-323 mOsm/L). When the seizure was under control, the average of blood sugar level was 11.3 mmol/L (4.11-21.67 mmol/L). This paper reported eight cases with EEG showing spikes, slow waves, and scattered sharp slow waves. In previously published reports, EEG results of patients with NKH-related epileptic seizures have shown normal waves or spikes, sharp slow or high amplitude slow waves [13] . Therefore, EEG is not very valuable in diagnosis of the disease. Imaging is not specific, either. This group mostly showed the normal imaging results, or age-related abnormalities such as old lacunar infarction, brain atrophy, and white matter demyelination, similar to most of the previous studies [5, 6] . However, some studies [14] [15] [16] described a transient change in head MRI in a patient with NKH-induced seizures, that is, the reversible and Flair weighted hyperintense cortex, and low signal of white matter. He also displayed cytotoxic edema. Its mechanism was unclear. Possibly, the cortical ischemia seizures and angioedema, caused aggregation and deposition of iron radicals [14] [15] [16] . Some scholars believe that these changes result from the damages in blood-brain barrier caused by long-term high levels of blood sugar [12] .
This article summarized the following clinical features of NKH-related epileptic seizures: (1) common in the elderly (2) with or without a previous history of diabetes and epilepsy (3) . Seizures were always accompanied with a rapid rise in blood glucose. Plasma osmolality may be normal or slightly elevated, but not to the diagnostic criteria for diabetes hypertonic (4) urine ketone negative (5). Seizures could not be effectively alleviated by antiepileptic drugs alone. Application of insulin to correct hyperglycemia and metabolic disorders ended the seizures (6) seizure-related lesions were not detected in the head imaging tests (7) . If blood glucose was under control, epilepsy did not occur any more. Analysis from the clinical effectiveness showed that the primary treatment for the NKH-related epileptic seizures included early, active, and rational rehydration and insulin hypoglycemic therapy, while closely monitoring blood glucose. Such treatments are key to the success of salvage therapy among these patients. Phenytoin-induced insulin resistance can inhibit the release of insulin, and therefore increase the possibility of NKH-related seizures. Diazepam increase the opening frequency of GABA-mediated chloride ion channel. Phenobarbital extended the start time of GABA-mediated chloride channel, by reducing the brain GABA levels among the patients with NKH-related seizures, Therefore, the stability and antiepileptic effects of phenobarbital and Diazepam decline [2, [5] [6] [7] which explained why conventional antiepileptic drugs in those patients with epilepsy were not marketly effective. Antiepileptic drugs preferred include carbamazepine, clonazepam diazepam and other anti-epileptic drugs as they do not affect the levels of blood glucose. Long-term use of anti-epileptic drugs is not necessary. If blood glucose and the seizures are well controlled, anti-epileptic drugs can be discontinued gradually. Smooth phasing out the anti-epileptic drugs among the patients in the present study did not cause the recurrence.
In short, NKH-related epileptic seizures has low occurrence rate in clinical practice. Epilepsy is often the first symptom. Compared with other diseases presenting clinical manifestations of epilepsy, they are not specific, and tend to be misdiagnosed. Therefore, early recognition of this clinical syndrome and other seizure causes as well as early phase identification is critical, because the condition can be corrected by adjusting blood glucose level plus rapid rehydration. The disease pathogenesis is not entirely clear. In order to clarify the clinical features and pathogenesis of this disease, further research should be carried out in the imaging and electrophysiological aspects.
